expression plasmids, mutant DGCR8 coding sequences were inserted between BamHI and EcoRI sites in the pCMV-Tag2A vector. For bacterial expression of NC1 R322A/R325A and R341A/K342A, DGCR8-coding sequences were inserted between NdeI and EcoRI sites in the pET24a + vector. For expression of NC1 with an N-terminal His 6 tag (G1-G6 and corresponding wild type), DGCR8 sequences were inserted between BamHI and EcoRI sites in the pRSF-Duet1 vector.
For Rhed-His 6 mutants, the coding sequences were inserted between NdeI and NotI in pET-24a
The transcription templates for pri-miR-30a, pri-miR-21 and pri-miR-380 have been reported (Faller et al., 2007; Faller et al., 2010; Barr et al., 2012) . For pri-miR-9-1 and pri-miR-23a transcription templates, pri-miRNA sequences were amplified from human genomic DNA, and were inserted between EcoRI and PstI sites in the pUC19 vector along with a T7 promoter. The coding sequences in all plasmids were confirmed using sequencing.
Expression, purification and characterization of recombinant DGCR8 proteins
Human NC1 (wild type and mutants; heme-bound and apo forms) and NC9 proteins were expressed and purified as previously described (Faller et al., 2007; Barr et al., 2011; Barr et al., 2012) . RhedHis 6 (wild type and mutants) proteins were expressed and purified using cation exchange followed by size exclusion chromatography, same as those for NC1. Immobilized metal ion affinity chromatography was not performed to avoid the use of imidazole, which might compromise the stability of heme when incubated with the proteins for an extended period of time. The purified proteins were stored in the SEC buffer containing 20 mM Tris pH 8.0, 400 mM NaCl and 1 mM DTT, except the wild-type apoNC1 which was stored in 50 mM MOPS at pH 6.0, 400 mM NaCl and 1 mM DTT. Electronic absorption spectra were recorded at room temperature on a Cary 300 spectrophotometer with bandwidth set to 1 nm.
The ability of DGCR8 mutants to bind the nitrocellulose membrane was examined by filtering them through the membrane in the presence or absence of pri-miRNAs and blotting using anti-DGCR8 antibodies.
Transcription and purification of pri-miRNAs
pri-miRNA fragments were produced using in vitro transcription and were purified using denaturing PAGE. Linearized plasmids were used as the transcription templates for pri-miRNAs. The transcription templates for apical junctions were amplified from pri-miRNA-coding plasmids using 3 PCR. The transcription templates for basal junctions were synthesized. The RNAs were purified using denaturing PAGE and their concentrations were determined using the extinction coefficients listed in Table S1 . Figure Table 1 (
SUPPLEMENTAL FIGURES
The structures were generated and graphed using MFOLD (Zuker, 2003) with the hairpin loop constrained to be single-stranded. The motifs that were recently shown to be important for human pri-miRNA processing (Auyeung et al, 2013) are boxed. and an increase of the heme:RNA ratio at 13.2 mL (hinting the presence of free Rhed), indicating that the Rhed has a low affinity for aj-miR-23a-F. (C-F) The NC1 R322A/R325A, R341/K342A and G1 mutants bind heme similarly to the wild type.
Electronic absorption spectra of R322A/R325A (C), R341A/K342A (D), G1 (E) and wild type (F). ssRNA same as the sense strand of siDGCR8-1 All extinction coefficients were calculated using ɛ 260 = M.M./(40 µg/mL), except the ones for the short RNAs marked by "*", which were determined using alkaline hydrolysis (procedure described at http://www.scripps.edu/california/research/dna-protein-research/forms/biopolymercalc2.html)
